Abstract
microscopy to confirm parasitic infection. More specialised diagnostic techniques that characterise pathogen subsets, as exist for Tuberculosis, are not typically available outside of developed countries and research settings due to the high cost considerations (Davies et al. 2003) .
There is currently no vaccine developed for the prevention of any form of Leishmaniasis and treatment is reliant on the use of antibiotic regimens and chemotherapies, chiefly pentavalent antimonials with their high cost and associated adverse reactions e.g. hepatotoxicity and pancreatitis (Reithinger et al. 2005) . It is therefore critical that research continues to be advanced in this area.
Epidemiology
Leishmaniasis is endemic to 88 countries (Desjeux 1996) . An estimated 350 million individuals live in areas that place them at risk of infection, with the incidence of cutaneous and visceral Leishmaniasis estimated at 1.0-1.5 million and 500,000 per annum respectively (Pearson and de Queiroz Sousa 1996) (Figure 2 ). Prevalence is assessed to be near 12 million cases, while WHO records estimate a total of 59 000 deaths due to all Leishmaniasis in 2001 (Desjeux 1996 World Health Organisation 2014 (4) ). In addition, 2.4 million disability-adjusted life-years (DALYs) were reported (Davies et al. 2003 ).
As stated, there are more than 20 Leishmania spp. that can cause infection and these are split across ecological niches. The disease is found in areas that can accommodate adequate habitat for vector proliferation and provide a mammalian reservoir for transmission. These are primarily low income rural areas with an estimated 80% of incident cases earning less than $2 per day (Davies et al. 2003) . The highest incidences of disease lie in the countries of Bangladesh, India, Brazil, Peru, Sudan, Saudi Arabia, Afghanistan and Iran (Desjeux 1996) .
Alarming increases in incidence over recent years highlight critical effects of changing social dynamics on infection. Desjeux (2004) argues that HIV co-infection, urban-rural migration, overcrowding and malnutrition, which drive a 9 times greater risk for VL in children, contribute to elevated incidence.
http://journals.uct.ac.za/index.php/ UR DOI 10.15641/ur-at-uct.v1i1.29 5 UR@UCT 2015, 1(1) Animal reservoirs are established in both wild and domesticated canine spp., however, L. major and some cutaneous forms are known to have reservoirs in rodents endemic to areas of infection (Chance 1981) . There is limited scope for direct humanvector-human transmission in areas of India and East Asia, however, the use of insecticides programs has been shown to successfully control this so-called anthroponotic spread (Chance 1981) . Conversely there is evidence that environmental changes, driven by agricultural expansion and deforestation, have caused a movement of vector populations closer to human and domesticated animal reservoirs (Kroeger, Avila and Morison 2002) . Thus allowing for an increase in urban incidence in recent years in contradiction to previous predictions (Campbell-Lendrum et al. 2001) . DOI 10.15641/ur-at-uct.v1i1.29 6 UR@UCT 2015, 1(1)
Life Cycle
As noted previously female sandflies act as vectors for parasitic infection;
parasites thereafter reside in mononuclear phagocytic cells e.g. macrophages.
Macrophages containing immotile amastigote ('non-flagellate') forms of parasite are ingested by the sandfly when it takes a blood meal from an infected reservoir population (Pearson and de Queiroz Sousa 1996) . Amastigotes undergo differentiation to a flagellated, extracellular procyclic promastigote form in the gut of the sandfly and proliferate (Alexander and Satoskar 1999) . Mature non-dividing metacyclic promastigotes migrate towards the fly proboscis within a week (Reithinger et al. 2007) .
When a subsequent blood meal is taken these parasites are inoculated (regurgitated) into a new mammalian host, to be rapidly phagocytosed by host immune cells. Thereafter they revert back to the amastigote form within the phagolysosome of macrophages, allowing them to survive within the acidic, hydrolase rich microbicidal environment (Alexander and Satoskar 1999) . Cells may eventually rupture to release parasites to infect other cells, thereby continuing the cycle.
Immune response in cutaneous Leishmaniasis
Intricate host-pathogen interactions account for Leishmaniasis' ability to steer the immune system away from a protective immune response. These interactions are best studied through a well-established in vivo model of resistance and susceptibility in mice.
Of these the L. major murine model of infection with this cutaneous strain of parasite is foremost in the research (Reithinger et al. 2007) .
Natural infection typically involves inoculation of 100-1000 parasites into the host and results consistently in healing local cutaneous lesions and permanent immunity in humans (Kroeger, Avila, Morison 2002) . Infection in the laboratory setting is recreated thorough subcutaneous injection of host animals with a relatively large inoculant (10 4 -10 7 parasites). Most laboratory mouse spp., including C57BL/6, exhibit healing immunity, however, BALB/c albino mice are not able to exhibit this same protective immune response and degenerate into progressive and disseminated disease (Sacks and NobenTrauth 2002; Hurdayal et al. 2013 ).
The proposed mechanism behind the development of a susceptible phenotype in BALB/c mice is the polarisation of a T Helper cell type 2 (Th2) immune response (Sacks and Noben-Trauth 2002; Hurdayal et al. 2013; Radwanska 2007) . Conversely in resistant mice strains, i.e. C57BL/6 mice, there is evidence of the development of a healing T Helper type 1 (Th1) response (Sacks and Noben-Trauth 2002; Hurdayal et al. 2013; Radwanska 2007) . ). This response is instructed by the early action of IL-12 on Th development, and is effective in destroying intracellular parasites (Murphy 2012) . Evidence suggests that continued IL-12 activity is required to maintain Th1 populations in resistant C57BL/6 mice when challenged with L. major infection, even in the absence of a Th2 response (Park et al. 2002) . IL-12 administration also stimulates susceptible BALB/c mice to a more than 75% reduction in parasite load (Sypek et al. 1993) . IL-18 is posited to augment IL-12 function (Alexander and Satoskar 1999) .
The Th2 type response associated with non-healing infections involves the production of
Interleukins IL-4, IL-5, IL-9 and IL-13 among others Radwanska 2007) . In addition there is a raised anti-Leishmania specific IgG1 and IgE titre and alternate activation of macrophages which express Arginase-1, a competitive inhibitor of iNOS Radwanska 2007) . Parasites are therefore able to thrive in this intracellular environment.
IL-4Rα Signalling
While a sustained Th2 response is indicative of a susceptible phenotype, resistant C57BL/6 mice also exhibit transient early stage IL-4 production following infection (Sacks and Noben-Trauth 2002; Scott et al 1996) . Susceptibility therefore appears to be a result of a failure of immune mechanisms to redirect activated Th2 type responses towards protective Th1 expression (Sacks and Noben-Trauth 2002) .
Abrogation of IL-4 signalling with anti-IL-4 antibody leads to a healing response to L. major in BALB/c mice, showing IL-4 to be a major susceptibility factor (Sadick et al. 1990 ). In addition, Kopf et al. (1996) generated IL-4 deficient BALB/c mice with the same resistant phenotype. However, there is controversy surrounding the extent IL-4's dominance in susceptibility. It has been shown in other studies that IL-4 deficiency was not sufficient to control infection or induce a healing response in BALB/c mice (NobenTrauth, Paul and Sacks 1999; Noben-Trauth, Kropf and Müller 1996) . A study confirmed this in different BALB/c lines and parasite strains (Kropf et al. 2003 (Matthews 2000) . Yet other studies argue that global IL-4Rα knock-out BALB/c mice contain infection in the acute phase but succumb to progressive necrosis in chronic stages of infection, unlike IL-4 deficient counterparts (Sacks and Noben-Trauth 2002; Mohrs et al. 1999; Mohrs, Holscher and Brombacher 2000) . . This paradoxically
indicates that IL-13 may have a protective role in chronic infection.
The controversy surrounding IL-4Rα action has opened the way for subsequent experiments investigating the role of this receptor in directing immunity through its deletion on specific cell populations.
It had previously been established that deletion of a specific CD4+ T cell population displaying the Vβ4αV8 T cell receptor, believed to be responsible for early IL4
production, led to resistance in BALB/c mice (Launois 1997; Sacks and Noben-Trauth 2002 ). Yet, as previously touched on, resistant strains also appear to have equal early IL-4 responses (Sacks and Noben-Trauth 2002) . Radwanska et al. (2007) generated CD4+
T cell specific IL4Rα deficient BALB/c mice and showed that these mice exhibited complete resistance to L. major equal to their C57Bl/6 counterparts. The fact that this surpasses resistance for global IL-4Rα knockout implies a protective IL-4/IL-13 role on non-CD4+ T cell population.
Macrophage/neutrophil specific IL-4Rα deficient BALB/c mice displayed significantly deferred disease progression with boosted Leishmanicidal activity and reduced alternate activation markers, which signifies that a different phagocytic cell population is at work in promoting resistance via IL-4Rα (Holscher et al 2006) .
Dendritic cells (DC's) are defined as highly efficient APCs uniquely capable of directing differentiation of specific Th cell populations from naïve T cell populations (Murphy 2012; Hurdayal 2013; de Jong, Smits and Kapsenburg 2004) . Their efficiency arises from their ability to sample large quantities of antigen from peripheral tissues and migrate to lymphoid organs for presentation to activating T cells (Murphy 2012; Hurdayal 2013 ).
DC's were shown to be potent sources of IL-12, capable of inducing Th1 T cell responses (Macatonia 1995; Heufler 1996) . Furthermore in-vitro studies have that shown stimulation UR@UCT 2015, 1(1) of DC's with IL-4 produces this IL-12 (Hochrein et al. 2000) . A landmark paper by Biedermann et al. (2001) confirmed that early IL-4 administration during DC activation against CpG DNA motifs instructed IL-12 production by these DC's in-vitro. This study was extended in-vivo, showing early IL-4 administration to polarise a Th1-dominated resistant phenotype against L. major infection in BALB/c mice (Biedermann et al. 2001 ).
IFNγ to IL-4 cytokine ratio was increased tenfold in these mice (Biedermann et al. 2001 ).
Conversely, IL-4 present during T cell priming instructed a Th2 response with supressed IL-12 (Biedermann et al. 2001) . The IL-4 instruction effect was shown to be dose dependant. Hurdayal et al. (2013) with the subsequent enhancement of killing effector functions (Biedermann et al. 2001 ).
Macrophages and DC infection rates must also be compared to establish whether these principal phagocytic cells retain higher, lower or similar parasite levels in the IL-4Rα deficient and sufficient BALB/c model. To answer these questions, fluorescent confocal microscopy is used to compare DC's and macrophages in the lymph nodes and spleen of these populations in terms of their intracellular parasite burden. It is hypothesised that ILhttp://journals.uct.ac.za/index.php/UR DOI 10.15641/ur-at-uct.v1i1.29
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UR@UCT 2015, 1(1) 4Rα deficient DC's harbour high parasite burdens owing to the hypersusceptible response and reduced iNOS levels.
Materials and Methods

Generation and genotyping
Specific DC IL-4Rα deficient BALB/c mice were generated via gene targeting and The virulence of the IL81 parasite required the mice to be killed at 6 weeks following infection. Thereafter popliteal lymph node and spleen samples were extracted for confocal microscopy. 
Confocal Quantification:
Slides were viewed acquired with the Ziess LSM 510 confocal microscope (Jena, Germany) (Hurdayal 2013 19 Lymph node (LN) and spleen samples were removed 6 weeks after infection and either embedded directly in OCT freezing medium (A) or first prefixed in 4% PFA for 2hrs at 4⁰C followed by cryoprotection in 30% sucrose solution overnight and prior to OCT embedding on dry-ice freeze (B). AEPES coated slides were prepared with 10μM cryo-sections for visualisation by confocal microscopy of the presence of GFP+ L. major. Representative LN images shown indicate the dramatic increase in signal quality.
Results
Pre-fixed and cryoprotected cryo-sections display greater GFP expressing parasite integrity
Pre-fixing was carried out with hopes of minimising structural alteration to GFP signal, thereby reducing background auto-fluorescence and enhancing GFP+ parasite visualisation. Non-fixed and pre-fixed specimens were compared for GFP+ parasite visualization in LN and spleen with the latter displaying greater intensity and clarity for quantification (Fig 4) . 19 LN and spleen samples were removed 6 weeks after infection and prepared as 10μM cryo-sections. DC's and macrophages were stained with cell-specific biotinylated CD11c and biotinylated CD68 respectively. Cells were stained with Streptavidin-Cy3. Intensity of confocal imaging was compared with MatLab software. Data is expressed as mean ±SEM. Statistical analysis was performed defining differences to IL-4Rα -/lox mice (*, p≤0.05).
Comparison of macrophage and DC cell-specific marker staining
Intensity of macrophage and DC specific CD68 and CD11c fluorescent markers was compared in LNs between specimens from CD11c cre IL-4R α -/lox and IL-4Rα -/lox mice ( Fig   5) . DCs in CD11c cre IL-4R α -/lox mice showed higher DC surface marker intensity than littermates. Similarly macrophages from CD11c cre IL-4R α -/lox displayed higher CD68 intensity than littermates. Macrophage CD68 marker intensity was uniformly higher than DC CD11c in knockouts and littermates.
Parasite burden is raised in LN of DC specific IL-4Rα deficient mice
Confocal imaging was used to quantify the LN parasite load in DCs and macrophages of CD11c cre IL-4Rα -/lox and IL-4Rα -/lox mice. Representative images display striking increases in GFP+ parasite loads in CD11c cre IL-4Rα -/lox mice (Fig 6) . Clear 
Manual Counts
Manual GFP+ parasite counts were performed on LN samples. DCs and macrophages from CD11c cre IL-4Rα -/lox mice both displayed increased parasite burdens over littermate IL-4Rα -/lox mice (Fig 7) . UR@UCT 2015, 1(1) (Fig 8) .
The observed trend was the same for 40x zoom images (Fig 8 A) as for low zoom 4x4 image tiles (Fig 8 B) . UR@UCT 2015, 1(1) GFP signalling is shown in green, while cell-specific macrophage and DC markers stained with biotinylated CD68 and CD11c respectively and then with Streptavidin-Cy3 are shown as red fluorescence (Hurdayal et al. 2007) . Clear association between GFP parasite and cell markers indicates the close proximity ad intracellular nature of much of the parasite. Co-localization of parasite and cell generates a combined fluorescent spectrum i.e. yellow markings.
Figure 10:
Manual GFP+ parasite counts were performed on spleen confocal samples with DCs and macrophages from CD11c cre IL-4Rα -/lox mice both displaying increased parasite burdens over littermate IL-4Rα -/lox mice (Fig 10) .
Discussion
The classical Th1 vs Th2 dogma that has dominated much of immunological research has been consistently challenged by discoveries in the field of cutaneous Leishmaiasis.
Il-4, a Th2 cytokine has been shown to induce DC instruction of a Th1 phenotype in BALB/c mice protective against L. major when administered during DC priming (Hurdayal 2013 To address the role of biological levels of IL-4, DC specific IL-4Rα deficient BALB/c mice were infected with L. major IL81. (see methods). These mice displayed a hypersusceptible phenotype with progressive disease development, increased parasite loads and decreased iNOS induction.
Histological and FACS analysis had confirmed the dissemination of increased parasite loads to peripheral tissues in knockout mice (Campbell-Lendrum 2001; Hurdayal 2013) . . However as dendritic cells are known to be highly specialised to migrate for antigen presentation, it has been hypothesised that this may be the mechanism by which parasites disseminate (Murphy 2012) . This is backed-up by evidence of reduce iNOS in both DCs and macrophages of the CD11c cre IL-4Rα -/lox population Hurdayal 2013) . their known major role as parasite hosts, however, signalling intensity of macrophage CD68 in higher than DC CD11c marker. This intensity is proportional to the cell population, macrophages have their parasite load spread over a significantly higher population of cells. Therefore we can conclude that in is DC's that in fact carry the major
